[Abstract] Rubella virus (RuV) is an enveloped, positive-sense single-stranded RNA virus that is pathogenic to humans. RuV binds to the target cell via the viral envelope protein E1, but the specific receptor molecules on the target cell are yet to be fully elucidated. Here, we describe a protocol for liposome flotation assay to study direct interactions between RuV particles and lipid membranes in a qualitative manner. Interactions are examined by a Nycodenz density gradient fractionation using UVinactivated RuV particles and fluorescent-labeled liposomes consisting of pure lipids. Fractionated RuV particles are detected using standard sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by Western blot analysis for viral proteins. On the Nycodenz gradient, RuV particles bound to liposomes shift to lower density fractions than unbound RuV particles. Using this protocol, we provide compelling evidence that, at neutral pH in a calcium-dependent manner, RuV particles bind to lipid membranes containing both sphingomyelin (SM) and cholesterol in certain cell types.
). For liposomes of other compositions, alter the amounts of lipid put into the glass tube appropriately ( Table 1) . 5. Transfer the lipid suspension to a 1.5-ml microfuge tube.
6. Centrifuge the lipid suspension at 15,000 x g for 10 min at 25 °C with a micro refrigerated centrifuge to precipitate the lipid aggregates and debris from sonicator tip.
7. Transfer the supernatant to a new 1.5 ml microfuge tube and centrifuge again under the same conditions. Repeat centrifugation until no visible pellet is formed. www.bio-protocol.org/e2983 8. Set each tube carefully into a swinging bucket.
9. Hang the bucket into a TLS-55 rotor carefully, then set the rotor in an Optima TLX ultracentrifuge.
10. Centrifuge the samples at 55,000 rpm (259,000 x gmax) for 5 h at 25 °C.
11. Remove each tube carefully from the buckets.
12. Collect 50 μl aliquots from the top of the gradient using P-200 micropipette with a 1-200 μl tip.
Always set the point of the pipette tip just below the aqueous surface (≤ 1 mm) and draw the solution slowly in a circular motion, being careful not to suction air.
13. Combine two 50 μl aliquots in a 1.5 ml microfuge tube (i.e., ~100 μl/tube). Although 100 μl aliquots can be taken at once with a micropipette, the authors recommend 50 μl aliquots: A short pipetting stroke is easier to control, thereby lowering the risk of disturbing the gradient.
Fractionate each sample into 12 fractions. When the volume of the last fraction is smaller than 100 μl, adjust the volume to ~100 μl with TBS-Ca.
Note: Mark ~100 μl line on 1.5-ml tubes for the last fractions by using 100 μl of water in advance.
14. Transfer 30 μl of each fraction into a 1. 
C. SDS-PAGE and Western blot analysis
Distribution of RuV particles among the collected fractions is analyzed using standard SDS-PAGE followed by Western blot analysis for RuV proteins. Conduct all manipulations at room temperature unless otherwise stated.
1. See a basic protocol for SDS-PAGE (He, 2011) . Prepare a 10% (w/v) polyacrylamide separating gel using a gel casting device of a protein electrophoresis apparatus according to the manufacturer's instructions.
2. Prepare a 5% (w/v) polyacrylamide stacking gel, similarly.
3. Assemble the gel into an electrophoresis device and pour electrode buffer.
Heat samples for SDS-PAGE analysis prepared in
Steps B14 and B15 at 95 °C for 5 min using a block heater, then cool to room temperature. Spin at 15,000 x g for ~10 sec at 25 °C. 7. After electrophoresis, place the gel into a clean container and shake it in transfer buffer for 10 min using reciprocal or seesaw shakers. Pre-wet a PVDF membrane with methanol and shake it similarly.
8. Set up a sandwich of layers, including chromatography papers, the gel, and the membrane, soaking in transfer buffer.
9. Place the sandwich in a chamber of a Western blot apparatus filled with transfer buffer.
10. Transfer proteins from the gel to the membrane electrophoretically at 100 V constant for 30 min in a cold room at 4 °C according to the manufacturer's instructions.
11. Place the membrane in a clean container and soak in 5% (w/v) skim milk/TBS-T for 1 h with shaking.
12. Wash the membranes three times for 5 min each in TBS-T.
13. Place the membrane in a clean container and add the primary antibody (goat anti-RuV polyclonal antibody) diluted 1:4,000 with 2% (w/v) skim milk/TBS-T.
14. Incubate the membrane at 4 °C overnight with shaking.
Wash the membranes three times for 5 min each in TBS-T.
16. Place the membrane in a clean container and add the secondary antibody (HRP-conjugated mouse anti-goat/sheep IgG) diluted1:4,000 with 2% (w/v) skim milk/TBS-T.
17. Incubate the membrane for 1 h with shaking.
18. Wash the membranes three times for 10 min each in TBS-T. 
Data analysis
1. Visualize RuV proteins in the collected fraction using image acquisition and analysis software.
The apparent molecular weights of RuV E1 (one of two envelope glycoproteins) and capsid proteins are 58-65 kDa and 33-38 kDa, respectively. Figure 3 shows the distribution of E1 and capsid proteins on Nycodenz density gradient fractionation in the presence or absence of various liposomes. RuV particles appear to be present in fractions that contained both proteins.
The dense fractions (fractions 10-12) contained only the capsid protein, suggesting that RuV particles were absent from these fractions. Although RuV particles were mainly detected in fraction 6 in the absence of liposomes ( Figure 3F ), they shifted to fraction 4 in the presence of liposomes consisting of DOPC/SM/cholesterol ( Figures 3A and 3A' ). This shift toward lower densities was not observed when calcium ions were omitted from the reaction ( Figure 3E ), indicating that RuV particles interact with lipid membranes in a calcium-dependent manner, consistent with a previous study (Dubé et al., 2014) . Furthermore, the shift was no longer observed when either SM or cholesterol was omitted from the liposomes ( Figures 3B and 3C) and liposomes consisting of DOPC alone were used ( Figure 3D ), indicating that the calciumdependent interaction between RuV particles and lipid membranes requires both SM and cholesterol in the membranes. In Figure 3 , results of a separate experiment from that described Table 1 Table 1 . 
